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Abstract. A brief report of some recent experimental developments concerning the X , Y and Z charmoniumlike mesons states
and other puzzling states from the BaBar, Belle, BESIII and CDF experiments is presented.
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INTRODUCTION
The XYZ-mesons are an assortment of meson resonances
discovered by BaBar, Belle, BESIII and CDF – some-
what haphazardly named X , Y or Z – that have defied
assignments to the quark-antiquark qq¯ meson structure
specified by the classical quark-parton model (QPM).
Most of them are seen to have decays to final states with
a charmed-quark anticharmed-quark (cc¯) pair, which al-
most certainly means that they have a cc¯ pair among its
constituents. However, the spectrum of particles that are
comprised of only a cc¯ pair – the so-called charmonium
mesons – is very well understood, the number of unas-
signed levels is small and the properties of whatever fill
them are tightly constrained. It is now generally agreed
that at least some of the newly discovered XYZ mesons
have a more complex substructure than the qq¯ mesons
of the QPM. What, in fact, this more complex structure
may be remains an open question. One peculiar feature
that may be a clue to their ultimate understanding, is
that many of these new states have partial decay widths
for hadronic transitions to standard charmonium meson
states – such as the J/ψ , the ψ ′ and the χc1 – that are
much larger than is typical for the established cc¯ mesons.
Other unusual states have been reported. BESII found
a large enhancement ine the pp¯ invariant mass spec-
trum right at the M(pp¯) = 2mp mass threshold in radia-
tive J/ψ → γ pp¯ decays. And the Belle group found a
huge pi+pi−ϒ(nS) (n = 1,2 & 3) peak in the e+e− →
pi+pi−ϒ(nS) cross-section around 10.9 GeV. It is not
know if either of these are related to the XYZ mesons.
Although some of these phenomena have been around
for a number of years their origins have still not been
identified. This remains an experimentally driven subject
and the hope is that with enough information, the puzzle
(puzzles?) can be solved. In this talk I briefly review
some recent experimental results that may have some
relevance to their interpretation.
THE X(3872)
The X(3872) was discovered by Belle in 2003 as a
narrow peak in the pi+pi−J/ψ invariant mass distribu-
tion from B+ → K+pi+pi−J/ψ decays [1, 2]. This peak
was subsequently confirmed by CDF [3], D0 [4] and
BaBar [5]. CDF and D0 see X(3872) produced promptly
in inclusive pp¯ collisions as well as in B meson decays.
In all of the experiments, the invariant mass distribu-
tion of the dipion system is consistent with originating
from ρ → pi+pi− [6], indicating that the C-parity of the
X(3872) is C = +1. Charmonium states are all isospin
singlets; the decay charmonium→ρJ/ψ violates isospin
and should be strongly suppressed. A study of angular
correlations among the pi+pi−J/ψ final state particles by
CDF led to the conclusion that the only likely JPC as-
signments for the X(3872) are 1++ and 2−+ [7].
The unfilled charmonium state near 3872 MeV with
JPC = 1++ is the 23P1 (χ ′c1). However, charmonium mod-
els predict this state to have a mass of≃ 3905 MeV, much
higher than the world average X(3872) mass, MX(3872) =
3871.56± 0.22 MeV [8]. The predicted mass is tightly
constrained by the fact that the multiplet partner state,
the χ ′c2 has been found and its mass measured to be
3929± 6 MeV [9]. The unfilled cc¯ state near 3872 MeV
with 2−+ is the 11D2 (ηc2) state. However, the model
prediction for the mass, ≃ 3837 MeV, is too low, a pre-
diction that is also tightly constrained, this time by the
measured mass of the well established ψ(3770) [8] mul-
tiplet partner state.
A striking feature of the X(3872) is that its mass
is equal within rather small errors to the D0 ¯D∗0 mass
threshold, mD0 +mD∗0 = 3871.79± 0.30 MeV, and this
has prompted speculation that it is a molecule-like D0 ¯D∗0
bound state [10]. Deuteron-like interactions between D0
and ¯D∗0 mesons were studied by Törnqvist in 1994, and
he predicted bound states for for JPC values of 0−+
and 1++ [11]. Now there is a growing consensus that
the X(3872) is a 1++ D0 ¯D∗0 bound state with some
admixture of the χ ′c1. The χ ′c1 component is supposed to
be responsible for its prompt production in pp¯ collisions
and its decay transitions to charmonium states.
Radiative transitions of the X(3872)
Important diagnostics for distinguishing between var-
ious possibilities are radiative X(3872)→ γψ ′ and γJ/ψ
decays. If the X(3872) is the χ ′c1 or if it is a mixed state
where the χ ′c1 component is primarily responsible for its
inter-charmonium transitions, one can expect its partial
width for X(3872)→ γψ ′, for which there is good wave
function overlap, to be substantially larger than that for
X(3872)→ γJ/ψ , which are hindered by the poor match
of the initial & final-state radial wave functions. A po-
tential model calculation indicates that the γψ ′ transi-
tion is favored by more than a factor of ten [12]. For
the X(3872) = ηc2 case, the situation is reversed and the
γJ/ψ mode is favored by an order-of-magnitude [13].
FIGURE 1. The γψ ′ invariant mass distribution near
3872 MeV for B+→ K+γψ ′ decays from BaBar. Note that this
distribution is background subtracted.
In 2009, BaBar reported > 3σ significance signals
for X(3872) decays to both γJ/ψ and γψ ′ [14], (see
Fig. 1) with the γψ ′ decay mode favored over the γJ/ψ
transition by a factor of 3.4± 1.4. This year Belle re-
ported preliminary results that claim a > 5σ signal for
X(3872)→ γJ/ψ at a rate that agrees with BaBar but
saw no evidence for X(3872)→ γψ ′ (see Fig. 2). Belle
set a 90% CL upper limit on the γψ ′/γJ/ψ ratio of< 2.1,
below the BaBar central value [15]. In any case, the large
preference for γψ ′ compared to γJ/ψ that is expected for
the χ ′c1 is not seen.
X(3872)→ ωJ/ψ
In 2005, Belle reported a near-threshold ωJ/ψ mass
peak in the decay B → KωJ/ψ that they called the
Y (3940) [16]. The Y (3940) mass is well above open-
charm mass thresholds for decays to D ¯D or D∗ ¯D fi-
nal states, but was discovered via its decay to the hid-
FIGURE 2. The γψ ′ invariant mass distribution near
3872 MeV for B+ → K+γψ ′ decays from Belle. The left-side
panel shows results from the sample where ψ ′ → ℓ+ℓ−, the
right-hand shows the results when ψ ′→ pi+pi−J/ψ .
den charm ωJ/ψ final state. A search for Y (3940)→
D∗ ¯D decays resulted in a 90% CL lower limit on the
ratio B(Y (3940)→ ωJ/ψ)/B(Y (3940)→ D0 ¯D∗0) >
0.71 [17]. This implies an ωJ/ψ partial width that
is much larger than expectations for charmonium. The
Y (3940) sighting in B→ KωJ/ψ decays was confirmed
by Babar in 2008 [18]. Recently Belle reported a near-
threshold ωJ/ψ mass peak in the untagged two-photon
process γγ → ωJ/ψ with resonance parameters M =
3915± 4 MeV and Γ = 17± 11 MeV, which are consis-
tent with those of the Y (3940) (see Fig. 3) [19]. If this is
the Y (3940), it narrows the JPC quantum numbers down
to 0±+ or 2±+. Belle measures M = 3915± 4 MeV and
Γ = 17± 11 MeV ΓγγB(Y → ωJ/ψ) = 61± 19 eV (for
JP = 0+). If Γγγ ∼O(1 keV), a value typical for charmo-
nium mesons, then Γ(Y → ωJ/ψ) ∼ O(1 MeV), which
is very large for a hadronic inter-charmonium transition.
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FIGURE 3. The CM energy distribution for γγ → ωJ/ψ
from Belle.
Although the X(3872) mass is below the threshold for
X(3872)→ωJ/ψ decays, Swanson proposed a compos-
ite model in which the X(3872) has a large ωJ/ψ com-
ponent and that ωJ/ψ decays to the low-mass tail of the
ω would be comparable in rate to pi+pi−J/ψ decays [20].
Belle, in a 2005 unpublished paper, reported evidence
for subthreshold ωJ/ψ decays at a rate comparable to
that for pi+pi−J/ψ , consistent with the Swanson predic-
tion [21]. This year, the BaBar group reported evidence
for X(3872)→ ωJ/ψ [22] at a rate consistent with that
reported by Belle and the Swanson prediction.
A BaBar fit to the pi+pi−pi0 lineshape for the selected
X(3872)→ ωJ/ψ events that assumed an odd parity for
the X(3872) had a better χ2 value than a fit that asu-
umed even parity: χ2/d.o. f .= 3.53/5 for odd parity as
opposed to χ2/d.o. f . = 10.17/5 for even parity. While
the statistical significance of this difference is not over-
whelming (less than 2σ ), it has led to some reconsidera-
tion of the 2−+ assignment [23].
FIGURE 4. BaBar’s pi+pi−pi0 invariant mass distribution for
X(3872)→pi+pi−pi0J/ψ decays. The solid (dashed) histogram
shows results from an odd (even) parity fit.
RECENTLY REPORTED φJ/ψ PEAKS
In 2009, CDF reported a narrow 14 ± 5 event near-
threshold peak in the M(φJ/ψ) distribution from B →
KφJ/ψ decays [24]. This summer, they reported an up-
date with about twice the data where the excess has
grown to a 19± 6 signal with a 5.9σ statistical sig-
nificance (see Fig. 5). The mass and width from the
larger sample, M = 4144± 3 MeV and Γ = 15+10−6 MeV,
agree well with previous results [25]. They also report
hints of a higher mass peak at ≃ 4275 MeV but with
marginal significance. The mass of the Y (4140) is well
above all open-charm thresholds and, thus, such a nar-
row peak with a strong φJ/ψ component is not expected
for an ordinary cc¯ meson. The similarities between the
Y (3940)→ ωJ/ψ seen by Belle & BaBar and the CDF
group’s Y (4140)→ φJ/ψ suggests that they may origi-
nate from related sources [26].
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FIGURE 5. The M(φℓ+ℓ−) − M(ℓ+ℓ−) distribution for
B+ → K+φℓ+ℓ− decays where M(ℓ+ℓ−) is in the J/ψ region
from CDF. The peak at threshold is the Y (4140), the second
peak is at a mass of ≃ 4275 MeV.
At the B-factories, the B mesons are produced nearly
at rest. Thus, in the process B→ KY (4140), Y (4140)→
φJ/ψ the kaons from φ →K+K− have very low momen-
tum and a very small detection efficiency. As a result,
neither Belle nor BaBar have been able to either confirm
FIGURE 6. The X(4350) peak in the M(φJ/ψ) distribution
for γγ → φJ/ψ events from Belle.
or contradict the CDF observation. On the other hand,
Belle studied φJ/ψ systems produced via γγ → φJ/ψ .
They did not see the Y (4140), but did see evidence (with
3.8σ statistical significance) for a narrow peak that they
dubbed the X(4350) with mass 4350±5 MeV and width
Γ = 13+18−9 MeV [27] (see Fig. 6). An interesting spec-
troscopy in the φJ/ψ channel seems to be emerging.
THRESHOLD M(pp¯) PEAK IN J/ψ → γ pp¯
In 2003, BESII reported the observation of a striking en-
hancement in the M(pp¯) distribution in radiative J/ψ →
γ pp¯ decays [28]. The result of a fit to a Breit Wigner
shape was a peak mass of 1859+3−10 MeV, about 18 MeV
below the M(pp¯) = 2mp mass threshold, and a width
Γ < 30 MeV (90% CL). These parameters do not match
those of any known resonance. Similar enhancements are
not seen in ψ ′ or ϒ → γ pp¯ or J/ψ → ω pp¯ and the en-
hancement cannot be fit with pp¯ final state interactions.
Ding and Yan suggested that this might be a bound pp¯
state (baryonium) in which case it might also be seen to
decay to pi+pi−η ′ [29]. In a study of J/ψ → γpi+pi−η ′,
BESII found a pi+pi−η ′ mass peak at 1834±7 MeV with
width Γ= 68±21 MeV (the X(1835)) [30]. It is not clear
if the X(1835) is related to the pp¯ peak.
An early task at the BESIII experiment has been the
confirmation of the above-mentioned observations. Fig-
ure 7 shows the M(pp¯) distribution from J/ψ → γ pp¯
decays for J/ψs produced via ψ ′ → pi+pi−J/ψ decays
in a 108M ψ ′ event sample [31]. The threshold en-
hancement is evident; a fit gives M = 1861+6−13 MeV and
Γ < 38 MeV, consistent with the BESII results.
BESIII also studied the J/ψ → γpi+pi−η ′ process with
a 226M J/ψ event sample. The resulting M(pi+pi−η ′)
distribution is shown in Fig. 8. In addition to a promi-
nent X(1835) signal, two other peaks are evident at
higher masses, as well as a large ηc → pi+pi−η ′ signal
near 3.0 GeV. Preliminary BESIII results for the mass
and width for the X(1835) were reported this summer:
M = 1836.5± 3.0(stat)+5.6−2.1(syst) MeV and Γ = 190±
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FIGURE 7. The pp¯ invariant mass distribution for ψ ′ →
pi+pi−J/ψ , J/ψ → γ pp¯ events from BESIII.
FIGURE 8. The pi+pi−η ′ invariant mass distribution for
J/ψ → γpi+pi−η ′ events from BESIII.
9(stat)+31−36(syst) MeV [32]. The mass agrees well with
the BESII result while the width is considerably broader.
The BESIII results confirm those from BESII, but the
discrepancy between the width values for the pp¯ and
pi+pi−η ′ peaks has increased, making it less likely that
the two structures are related. The X(1835) and its higher
mass partners may be excitations of the η ′.
σ(e+e−→ pi+pi−ϒ(nS)) AT 10.9 GEV
Perhaps the most mysterious of the XYZ mesons are the
1−− Y (4260)→ pi+pi−J/ψ , Y (4350) → pi+pi−ψ ′ and
Y (4660)→ pi+pi−ψ ′, first found by BaBar [33, 34] and
confirmed by Belle [35, 36] in the initial-state-radiation
process e+e− → γisrpi+pi−J/ψ(ψ ′). These states have
much larger partial widths to pi+pi−J/ψ (pi+pi−ψ ′) than
those for ψ ′→ pi+pi−J/ψ (102± 3 keV) or ψ(3770)→
pi+pi−J/ψ (53± 7 keV). In fact, the Y (4260) mass co-
incides with a dip in the e+e− → hadrons total cross
section [37] and it has a full width of 95± 14 MeV [8].
This implies a lower limit on its pi+pi−J/ψ partial width
of ∼ 1 MeV [38]. (Since no other decay modes have
yet been identified, the pi+pi−J/ψ partial width may be
much larger.) This motivated the Belle experiment to
look for similar phenomena in the b-quark sector [39].
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FIGURE 9. The M(pi+pi−µ+µ−)−M(µ+µ−) distribution
for ϒ(5S)→ pi+pi−µ+µ− events with M(µ+µ−) in the ϒ(1S)
mass range from Belle.
Using their huge sample of 464 million ϒ(4S) decays
(accumulated for making measurements of CP violation
in B meson decays), Belle detected 113± 16 events of
the type ϒ(4S)→ pi+pi−ϒ(1S) (ϒ(1S)→ µ+µ−), from
which it determined the partial width to be Γ(ϒ(4S)→
pi+pi−ϒ(1S)) = 3.65±0.95 keV [40], in agreement with
expectations for bottomonium mesons. In 2008, Belle ac-
cumulated a much smaller sample of 6.5 million ϒ(5S)
for pilot studies of Bs decays. According to standard bot-
tomonium expectations normalized by the ϒ(4S) mea-
surements, this small sample of events should contain at
most one or two ϒ(5S)→ pi+pi−ϒ(1S) events. Instead,
Belle observed the distinct 325± 20 event signal shown
in Fig.9. A similarly distinct 186± 15 event signal was
seen for ′′ϒ(5S)′′ → pi+pi−ϒ(2S). (I use inverted com-
mas to emphasize that it is not known that the ϒ(5S) is
in fact the source for these events.) Assuming these sig-
nals are from the ϒ(5S), Belle infers partial widths of
590±10 keV and 850±18 keV for the pi+pi−ϒ(1S) and
pi+pi−ϒ(2S) transitions, respectively, both of which are
more than 100 times expectations [41].
An important question is whether or not the source of
these anomalous pi+pi−ϒ(nS) events is the ϒ(5S), en-
hanced by some dynamical process, or if they are they
from a b-quark sector equivalent to the Y (4260). Meng
and Chao explored the former approach and proposed
a model that attributed the anomalous pi+pi−ϒ(1S) and
pi+pi−ϒ(2S) production rates at the ϒ(5S) to rescatter-
ing processes of the type ϒ(5S)→ B(∗) ¯B(∗) → f ϒ(nS),
where f denotes scalar pi+pi− resonances such as the σ ,
the f0(980) and/or the f0(1370) [42]. However, their ap-
proach has some problems. First, in their model about
two thirds of the contribution to the pi+pi−ϒ(1S) channel
is due to the f0(980). However, the measured M(pi+pi−)
spectrum for this process from ref. [41], shown in
Fig. 10, shows no sign of a significant f0(980) contri-
bution.
A second difficulty with the model can be seen in
Fig. 11, also from ref. [41], where the data points show
the cosθHel distribution for the pi+pi− system in the
′′ϒ(5S)′′ → pi+pi−ϒ(2S) events, where θHel is the angle
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FIGURE 10. The M(pi+pi−) distribution for the ′′ϒ(5S)′′→
pi+pi−ϒ(1S) events from Belle.
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FIGURE 11. The cosθHel distribution for the ′′ϒ(5S)′′ →
pi+pi−ϒ(2S) events from Belle.
between the pi+ and the pi+pi− system boost direction
in the pi+pi− CM. Here large and significant deviations
from an acceptance-weighted flat distribution (indicated
by the histograms) are evident, contrary to expectations
for S-wave pi+pi− systems.
If the anomalous pi+pi−ϒ(nS) events are due to an
Y (4260)-like particle in the b-quark sector, their peak
mass and total width would not necessarily coincide with
the corresponding ϒ(5S) parameters. Belle investigated
this with an energy scan around the ϒ(5S) peak that
measured the
√
s dependence of pi+pi−ϒ(nS) produc-
tion (n = 1, 2 & 3). The results of the scan, shown in
Fig. 12, are that these event have a peaking structure and
that the peak mass and full width, determined from a
single BW fit to the three channels simultaneously are
M = 10889+6−3 MeV and Γ = 37
+16
−10 MeV [43]. The mea-
sured peak mass value differs from the recent precise
measurement by BaBar of Mϒ(5S) = 100876± 2 MeV
– indicated by the vertical dashed line in Fig. 12 – by
2σ (systematic effects included) [44]. BaBar measures
Γϒ(5S) = 43± 4 MeV, which is narrower than the PDG
value and is not distinct from Belle’s fitted width of the
pi+pi−ϒ(nS) peak.
The situation is summarized in Fig. 13, where Belle
measurements of Rb¯b, the total cross secton for e+e−→
b¯b normalized to σ0(µ+µ−) is shown in Fig. 13a, the ra-
tio of σ(e+e−→ pi+pi−ϒ(nS))/σ(e+e−→ b¯b) is shown
in Fig. 13b, and Rpi+pi−ϒ(nS) in Fig. 13c. In the top figure
the curve is the result of a fit with the ϒ(5S) and ϒ(6S)
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FIGURE 12. The
√
s dependence of σ(e+e− →
pi+pi−ϒ(nS)) for n = 1 (circles) n = 2 (squares) and
n = 3 (triangles) from Belle. The curves are the result of the fit
described in the text and the dashed vertical line indicates the
ϒ(5S) peak position.
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FIGURE 13. (a) Rb and (b) σ(e+e− →
pi+pi−ϒ(nS))/σ(e+e− → b¯b) (c) Rpi+pi−ϒ(nS), the results
of fits with resonance parameters from the Rb fit & the PDG
are super imposed. .The vertical dashed line indicates the
√
s
value where Rb¯b is maximum. From ref. [43].
and an interfering non-resonant background (dashed hor-
izontal line). The ϒ(5S) parameters are allowed to float,
the ϒ(6S) parameters are taken fixed at the ref. [44] val-
ues. The dashed curve in the bottom figure is the fit to
pi+pi−ϒ(1S) data with mass and width constrained by the
Rb¯b fit. When the Rb¯b constraint is relaxed, the χ2 reduces
by 8.71 with an increase of two degrees of freedom, in-
dicating a∼ 2.5σ preference for different parameters for
the b¯b and pi+pi−ϒ(nS) peaks. The vertical dashed line
indicates the position of the maximum value of Rb¯b. (The
peak in Rb¯b is shifted from the fitted ϒ(5S) resonance
mass because of interference effects.)
Thus, as opposed to the Y (4260) and the charmonium
resonances where the anomalous Y (4260)→ pi+pi−J/ψ
peak occurs at a dip in the e+e−→ hadrons cross section
and far from the masses of the known 1−−cc¯ resonances,
in this case the data favor the interpretation that the peak
of the anomalous pi+pi−ϒ(nS) signal is distinct from
that of the ϒ(5S) but only at the ∼ 2σ confidence level.
Considerably more scanning data is needed to establish
conclusively whether or not the ϒ(5S) is the source of
the anomalous events. Unfortunately, this will probably
not be available at least until BelleII starts to operate in
2014 [45].
SUMMARY
Experimental progress on the XY Z particles is re-
viewed. Belle and BaBar both see significant signals fof
X(3872)→ γJ/ψ , but recent Belle results indicate that
the B(X(3872)→ γψ ′) is not as large as reported ear-
lier by BaBar. BaBar confirmed the Belle sighting of the
Y (3040)→ ωJ/ψ in B decays and Belle sees a simi-
lar peak in γγ → ωJ/ψ , suggesting that its JPC quantum
numbers are 0±+ or 2±+. BaBar confirms the existence
of the subthreshold decay X(3872)→ ωJ/ψ and their
fit to the pi+pi−pi0 line shape mildly favors a 2−+ over
a 1++ assignment for the X(3872). CDF confirms their
Y (4140)→ φJ/ψ signal with more data and see hints of
another φJ/ψ mass peak around 4275 MeV. Belle sees
a different narrow φJ/ψ mass peak in γγ collisions at
4350 MeV. BESIII confirms the BESII observations of
the threshhold pp¯ mass peak in J/ψ → γ pp¯ decays and
the X(1835)pi+pi−η ′ in J/ψ → γpi+pi−η ′ decays. They
also see two higher mass peaks in the pi+pi−η ′ channel.
The Belle group’s discovery of huge partial widths for
′′ϒ(5S)′′ → pi+pi−ϒ(nS) (n = 1 & 2) is reviewed. At-
tempts to explain this as a rescattering effect run into
problems with the experimentally measured M(pi+pi−)
and pi+pi− helicity angle distributions. Belle measure-
ments of the
√
s dependence of σ(e+e−→ pi+pi−ϒ(nS))
favor an alternative source for the anomalous events but
with limited statistical confidence.
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